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Abstract of JP2001 1 1 8841 

PROBLEM TO BE SOLVED: To provide a thin porous silica film having a superior mechanical strength. 
SOLUTION: A thin porous silica film is composed of porous silica having high porosity, contains pores 
having nanometer-size diameters, and contains a specific amount of residual organic polymer or its 
modified product in its structure. 
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TSD, *©S?LSP*«3 0~8 0%. **?Lga*5 On 
M*JS2] M**«4 0-7 0XT*«ii*l«S 

i ce«o*?Ltt->u 

[W#K3] WW1 0/tmftTTft5!:ie»«t 
■T 1 Xtt 2 KtB«©#?L£ v U * 8K. 

[0 0 0 1 ] 

CfL< <gttfc*6li»lilffl ©#?Ltt -> 'J * »H 
[0 0 0 2] 

[«£*©&W] *7LttO->U*ttS«, WJRttfc£©« 
tt&StzMlZXJSfri&ftTV^. «*.«ifi$s, £?Ltt© 
TV»S. LS I «ttCae>£r£¥*tt#?0)£JIEIMfl 
-«SWI:ffl^f.nt§t. Lfrbifi^, LSI©BBgf!^ 

ztzsb* &mmmmitftm<Dfomwiomti£i>T. mm 

*©«tOffiti«K*f3S<3Rj&6nT^«. Z\Z.T. &n 
tt© -> U *ttJt««**« 1 Tf*4ag<!:<0l^#f*4 
fc«>. J±ijf«^£->y#g:t©4. 0-4. 5£K)b± 

*©mitt, B**ttSfeofc»»ca«Wtttt»iiii«»t 

[0 0 0 3] *?Ltt©->'J*tLT««W34"bro»c:->«j 
* *-fe d y ;K= -> 'J * xy □ y & £i«*tf6n5. c 



(2) 

2 

m&fc&\z£Qn$ft%&ffimmfc<D$LTtfmm\zftm. 

[0 0 0 4] f J*+-feny;Ko»K»j«©«tUT 
H, 5 7 9 1 8^«fcH*SttTV»SJ: 

WI6h5. — 3Er, ->'J*x7a^0i^l:H v"J 
*«*»©*IHt*lH«*«MltbTl»*"i-*jft3&«S/U**-fe 

[0 0 0 5] S6fcv'U*4 l -feny;H8[Bto»j*«tb 
20 T, *H#fT^ 5 8 0 7 6 0 7 <fctf ^Bltffr 

B5 9 0 0 8 7 9^W«#»Ctt. vOPT&SvUftfjfg 

?Lff*J:WfLff»#*«i|b, ^?L#©»I*W3$££|6] 

i«a*isi^©*i«©isft**t€i»tejiD. *z\\z%<kv 
ft^m^ti\zMLx, ?L&ft9#<stf#jwitt?£ 

so -T« *©»*7L©JRtt#fiJ:-3TU*3. ?L 

ISA. y'J^+tnyiWJ+MHttfii)^ 

[0 0 0 6] <*3££ttlil 
^<7)^tti->'J^^-tPy;i/5rf#-5<7)H 

[0 0 0 7] #l¥4-2 8 5 0 8 H*&*fc 

StITH5. #B3¥5-8 5 7 6 2^iW0 9 9/ 
bo 0 3 9 2 6tW>7l/7hl:fe, TJW=l+->->7 >/ 
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3 

M^l^Snt^S. 9 - 3 1 5 8 1 2# 

tlTV^o S&K, 0-2 5 3 5 9-5f&$g, *5 

7-8 8 2 3 9^SKIt 7)Vn*isisy 

[0 0 0 8] IsfrV&tfZ. Z.tl<E><DjJtikT?>bmm±ffi 
ttSCfe^. !(#^5p9- i 6 9 8 4 5^WZ 

- 2 9 9 5 2 ^-*-Wr««*Hf SiSDp-r 

[0 0 0 9] v'J*«^<D^S^fk#)^SPbT> #?L 
1T7 - 1 8 5 3 0 6^*fctt, 7ACI*->->7>£ 

- y ^£ J6 1» Kii * 13 2 L V i 

tbXlSS^. Rh©Ei6J:0 9iSj&»&«fc'5K, Sim 
[0 0 10] 

*£?L<Z>**?IS#« 5 Onm^TTfeO, ^*^3 



(3) 

4 

[0011] 

io t^ftofc. Lfc#oT, *5Sfi©Btott, 3 0~8 0 

[0012] #»w©±e*±tf*©te©is@«K mn 
fefc e> wzmmmt. kthi^s mmumwfr s m s 

rtO*-«jJ«UV— tfl*©3Sa*»**3-l 5S»%T$. 

0, J E-OSW3 0~8 0%, lMti«5 0nm£t 

2. 2?l*#4 0~7 0XT**;id:*#«£-r*i»E 

1. ©*7Ltt->'J*»il. 

3. Rff^l OwniKTT^iCtSSittiME 
1. ifcl!2. ©^JLtt^'J^WK. 

so U tt«R«<04>fc<£fclJlj&«ffiei. ~3. ©#?L 
5. «TIS4. aE«©*»E*««frft^bTfe5** 

[0013] sir. *&9i$&m\zwrz. «. *w 
»ifTin6n*'>'j*tn (s i 

o 2 ) <D\zfriz&m±izfcit*% j p7icmm?&Gir2>#. 

©Jg^sSTSSns &©£#&>„ 
Rl x Hy S i 0( 2 -(x+y)/2) 

yttOSfcttl ) 

*5gWT»6n**?ltt>'U**R©»*tt, *T3 0 
~8 0X©ffi?L***f *JItT»S. *%^cDxSm*t 
i f)If i:S^>M$iJ4 0 ~ 7 0 ->'J*© 

JtBf«J|s*t!«<a:t)r^T. «»*Rtl/TlSftli. 

mu^Aizmv^o 

so [0 0 14] *?LttS/U*©««3ft« J M6#*&±W'* 
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5 

#©«H8^£oft#r)#3;l,<ft^. Z\<D^.ofS.±Hm 

•2>o Xift rsol-Gel Science (C. J. 
Br inker & G. W. Schereri, Ac 
ademic Press, 1 9 9 0 *£56fr) J Kift 

tt^H±©it£SMEfc**<&&s*i*. ta^&ttT 

[0 0 15] *5SIB©*?Ltt^U*aEKT«. fltigfpcD 

£0>fc¥fl|jfi$*-f £#'J Z. t\Z &z>T, 

flHltt~&J:3ft3 0 0~5 0 0"C<h^-pfcii5SSTT-t) 

lafcnsiiu^K ]»(if©3ifjv-i))t3iix 
mm%zm?LZ>t, «mms*«» ianvit£ 

»fI5 0 OOJt^Sgfl*;**? u u-h*s#-r**u 

X5 1 U>yj3-;iH&y>(^^iJU-hSfflVi, 42 5 

#?H4v"U77i$l]£te. ^?L3S#5 3 %TitWm&&2. 
1, «7v?Lg#2. 9nmT, #UY- S#S^5. 2 
$6t-t05l-3»t)aiflEH5 OMPa 

(£ilf7jte5 OMPa tA±) Tafe^fcc 

[0 0 16] *fc*a?8T***?Ltt->'J**ffllO«3S 

^h^->->7>, ^h^x h^->->5->, 5rh^ (n- 

^□^+-» ->7>, ( i -T'o^+y) ->5 

>. -7h^ (n-yh + y) ->7>. fh5 (t-^h so 



6 

>. /f^r-'J/h + yyyX /f^hUl^yy 
7>, 7ir;^iJ/h^yy7> 1 7i-J|/MJlh 
*->->7>, V*?)Vi?* N*v->7>. y^Jk/I 
h+vv-^X y7iz^h+yy7>, y7ir 
;k/lh*yy7>, fX (h'J^ h + ->->ij;P) 
>, fX (h'JXr-^->vU;W 1, 2 -t'X 

(hj* h*->->u;w x*>, i, 2 -fx (h'jx 

^yx'JJW X*>, 1, 4-fX (h'J*r-*v:> 
^>if>, 1, 4 -fX (hiJIh+-»iJJW 

* ! fh7/r-+yy7>, f H^Ih+yyyX HJ 
;* ^y->7>, h'Jih+yyyX /^MJyth 
*y->7X /f;^'jlh + yy7>, i^^Ml^y* 
N^->->7>, y/f^ylF + yy7>T:$5„ 7^ 

[0 0 17] S&l:, nensA'fy'ij y Ktt!*K*>£ 
>^±M<r>7)Vzi^i/^v z. t 

^fJHh*yy7>. MJ^xXJy* h*yy 7 
>> h^xZJUh+yyyX 7i^;k^^f;W 
r-*->->7>, 7iZJ|.y^fiHh4yy7>, 

[0 0 18] *5BWfc*tt*fij*«(f^Sn<5*«# 

-tmvfztiz. tiaftoz&om&-znz>m&tfmmzffl 

c ffC3^7cPS«jg43«tUt/S/2:Ji ; y'^7 K^iS^^fig 
L, v U 73 £ O^aW^ SO* ir^MH C ft 0 . 

OJ»**«jiflEHy'{7 >X$nx. S^MUMty U t> 
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[0019] m&mztfgmmtvTte, v-jvm. t* 
-'Jr>s, if-u>m, yu->v;us, 7'j;i/S« 7 

***U;k75 *;^+->;PS, tb*p*->;p 
X, -fV->7^-h«, -fsy*, /\ny> 

>s^x— x-^Ste t" ox ^— y— v x^s-a- l t ^ 

IBLfcWtlSOtfTfc. tfx;l^ th'n+yM, t' 
-'Jf>l, k'-l/>S, ^'Jyy;«. 7'JJH, 7 

[0 0 2 0] JUT, *%Bj-c$fil^fflt^tl-5^iJ-7- 

'J 3-)iumm%; 2 £khcD7;i/# xdi^-^^st± 

^^-&LTl^^2iB(D**S^ 1 &-?-n-E : tl*i?StS 
&VT'&*>tlZ> 2ffi7;l^3-;U>£Jg-r. 7 5? 'J 

^;k*^$L 7v>t?>^, t?*u>^ X^U> 
2ffiIWT-5^«il$r^7„ 3foS§£7:?U l^-HS, 

7;^l/>^'Ja-^y (^^) 7i7Uk— k #'J7 

;^i/>^u^-;U7;i/^;i'X-7;i/ tzvi- 

7;^l/>^U3-;^k'rjH-r;K #'J 7;k£l/ 
>^U 3-;U7;P*^x-7^t'xjpx-7 L ;k 7 

U n-;P7^+;wx-7;p^u ->-^;px-T-;^<t*d^ 

[0 0 2 1 ] it*«S>^^tii^5|5S{'7^U k-hS. 

U i/-h», tfx;i^ ->v;P*Hwa^Bj 

#&&Wt£S£&0#U;fr:/P^ h>©#J<hLTte, # 
UA7D^^h> (y*) 7£"Jl/-k #U#7p7 
i7 h>fc?x;kr-x;k *U^7D^i7 h>^U 
x— r-;k ^U*yP7f h >h*x;UX7.7;k 
7P^i7 h>^U ->v 5 ;PX7.7 1 ;k #U*7'P5i7h> 
fZJU^r^ (^^) 7^1)1^- k tfU^P^i? 

h>^u->> j ;wxx7;p (/^) 7^'Ji^-h, 
7P?i7 h>t*x^x7.^fx;kx-7;k *u*7 
P^i7 h >^'J yy^X7r;i-H-;H-f;K #U;*J 
7p^i7 h ^h'z^iXr;^ 'J yy;l/X-r;K #'J 

% 7 p v t> h > ^ u -> vjpx x 7;k^ u -> ^;px 



(5) 

<? 

[0 0 2 2] >t*vflg$>-2>^HM*5jg(C7i7 U U- hg, 

timtemmz b-ommmx u xx7;kD#j£ bin 

k v 7^Uk-k MJ (^^) 7^ Uk- 

k bfxjkt— 7;k yk'zju-f h'jtfxjkr 
-T-Jk i7*U vv;kx-7;k y^J ->S>;kX~7;k 

h y i^'j ->v;ux-^;^^*;i/^>^<i:7;^i/>^ 

v^;kS^©aa-pJtg^W^S^t)08iflS^^ u 7;k* 
0. *®t7i7'JU— hS, ^^i7'Jl^-hS. h'x;p 

[0023] in^o^n-rot^ 
?.n§*'j7-inn ^ux^u-yj^-^yy 
^^uiz-h, #ux^p>i7-ij p-;k^y^^u i/- 
20 tfur/Pfcru-^yp— ;^yy^i7U k— h, 4? 

U7 P Pfc^>^'JP-;i,>>;*^ ! yiJl/-K i^UXfl/ 

>7^^-h^yy^:!7'Jl/-h. #Ulfl/>*-# 

v-«l«5t Hn+y;HT$5Wl*n-t,}f 
®T-&3„ BiB*^^Ux-7;KD^Ji:LT}i, ^'Jx^ 1 
U^Ua-^, ^'J7Ptfk>^iJP-;k #'JMJ 
y^l/>y;up-;k #'J^ h^y^k>^'jp-;k 
^U'O^/f i/>i^jp- ;k #U^^-9-y^k>i7* 

'JP-;k *'Jy*+V7X ^U^^-^F-feA'k^t'O 

[0 0 2 4] B§te^#UxX7;P©^JtLTtt. 
U3U.H. #'J#7p^H>\ ^'J*7P^i7h>^ 
U^--;k tfA'p^^ h>f©t h*n + y*M> 
^oa^ti-^^i' h>»MSm^, iJirjc^Ux? 1 
k>^"^-y-k— k I^IfUi'X^y^-h, jjiiji 
f l/>7y^- ^Ux^l^-teA^r- ^U^"p 
tfl/>7v J ^-h, ^U*+-yyl5 : k>7y^-h^ 

© v^;^ i 7;v+ v u p oiffi^i, 
40 h*p+->^»TS>^>flgte^^ijxxx^#tf e, 
u->^-*^-h, ^UT'peixk^-^^-h, ^ij 

[0025] mmmx u 7 >/w Ko^iiLT 

^iJ-7PX^^->K, ^^y^M+yH, 
*'J tfy P-Y ^UXAD-Tj^yH, ^ 

50 fe. ^'JX^P>i7*'J P-Jk ^IjyPtfU'kiT'UP — 
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K t^i^y^ ^v>ts-^--b. 

[0 0 2 6] ±l3#«*'JV-tt*SllT»oTt), ?tSc 

t>«kv>. SSfc, ±B#'J 7— &^AilKK:J:oTt>Nt 
X #U75K, #U^>»/-f 5^l/-;k iKURSR. 

sifiM$n*tLi o-2~i o oases, $f*b<ni 
o-i~ioa«as, s6.Kffsb<tii o-i~5sa« 

#«#UT-©J|S3WI*»l 0-2fiSBB«fc 
[0 0 2 7] *T*g;tf ij ■T-Ofl-^attRJFiST 1 0 0 ~ 

T;k^^->v-^>coin7k^fcH7K^s 
inisiiistc^ci^pt, 7;ka+v-->7>©asifc±-o 

[0 0 2 8] *5&mz3S\,*T 7 )V3 ><Dia7lt ft 

#wii/Tit sn®, Ji^. mm. mm. 

<ttl O-l^^T^iiSTS'S. l^M^Uta 
[0 0 2 9] *liOip&/W^'J7 

IfigSC 1 ~ 4 CD-«7JlO - Jk 6JSR»l~4 0-flB7;i' 



(6) 

3-;k t 'J >ft£*±m6Ci-f Mfcli 
x*7^Wfcto. yx?k>^ijn-M x^k 

i?*3S>ki:~r;k 2 -x K*vx*/-;k 7nfc?U 
>^yn-;k t//f;n-r;k ^otri^^y n 

-;k^^X-x;P7-fex- h»SWi*;kk75 K, 

N, N-y^f ;|/^A7S K- N, N-~?3L<?-)Vfc)V 
A75 H, N-/^;k7-fe K75 K, N-X?;P7th 
io 75 h\ N, N-^^^kT-t h75 K, N, N->>X 

;kE;kfty>, N-7-fe^;i/ ; E;i/3fcy >» n-*;p = ;i, 

□'Jy>. N-7tfJPt;DiJy> 1 N, N' -v?7j^;P 
S^t!^y>, N, N* -i>7±^-)V^y^yUH 
©75 KS, r-77U7!7b><D£5U7!7b>m. 
rh7^Wk7, N, N* -WfWS^/'J-^ 
/ >&£cD-7l/7§i&£;Wf&*i-S„ cnSWJHk 

20 [0 0 3 0] mmz&Q* «Atf«3tttW#© 

30 tta?^>®teaflES«jt*^tK: < t t ,T0. 1 wm~ 1 0 
AimCD«&fflTffcH8|T£-5. 1 0 umkQm^tZ^y ? 

[0 0 3 1 ] I«tL-TtiyU 3>\ 

*y>>A-t*. -T >WA-7>^ : E> 

(ommzmomnvmm&Mi&i'ft? %.-t?m^z> ztt 

io ^^>, ^7 PA, x-yy;k m. ffi, ^>^;k ^>i^ 

v>m<D*m.vc^m. ^^)v^)i±^^^>, 7* 

50 [0 0 3 2] «±OJ:3t:bT»6n4iftj««&/aE»-r 
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// 

5 £ t \Z «fc K> -8\ ft 6 ftfciilgi* © -> U * 

W (VOW £ 5 0-3 0 CCT^WbS-ti- %>Z.t\Z 

6o~2 0ott-*5. £ojasi5H-cy;wbSfT5£ 

©T, JRI&fWBiSU vU77#&7WlilT, felWII 

-©**tBb*«fic:*»^%>*s. *fc 3 o o "CBUL-e io 

[0033] *aswT?i*6n*A'f :/y y f#®jbj$k: 
wfl&tfuv— f±5 o~3 o o'CTV^e.y^^fT-r 

0~5 0 01CO»S*HtTW*^^— f— 

£i£$>, 43<fctf^n£©g^5fr£&5t>©£*;tf=>tl 
5. «fcD$fSLl/>fiSf43 5 0~4 2 StTSS. 

[0034] 3 o ox:&K><b&^t&mx^—y—(Dffc 

#*fc##7Ltt5/'J so 
IC5 0 0*CJ;i9t)ia5^jaS-effl.aT-5£i: 

«t 0 'Pti to t # U v - © Kftt>#ftftf+jHtfr b & to © 

u «Mt#mb-r*. 241$ 

[0 0 3 5] W«#U 7;iO*X /\ 40 

H * £ £ lz «fc o T *£mft*>l9n#tfitt?- -5 a& 

a- sfc, mmm.'pizT>^-T. *mtzizfr&&i,T 

So 

[0 0 3 6] # 6 ttfc #7Ltt •> U * MR * -> U ;Mt#JT' so 



A? 

(4, MJ^^SfM h + ->->7>, HJ*?MUxb^->-> 

iZJkylF+yy7>, 7iZil h U ^ h^->->7 
>S, h'J^WDDy^X J?*^!/^ DOS' 7 

* y- p p -> 5 >, ^ * ^;Hf -)V 9 d p -> v > , 
^ \Z—)V*j >? p p -> v > . ^ ?dd-»7>, 

h^xrj^PDy?^ ^5 1 ;P> 5 7xX;Ui7PP-> 
7>> y7i -)l<i/ ^□n->7 t"© i7 a p ~> 7 > 
sslcVtTfrVs^y. N, N' -b*7> (hU* 

[0 0 3 7] «±©^j*t«tD#6tifc*?LiS->U*» 

9nmT, 1 0 nmR±CDE*iIS±#ftff, 
D5lfl«*5 0MPa (S«f73l4 5 0 MPa &L±) <D&1L 
e->'J**K***^6n, LSIMESfflHS^S 

Tmwim. -t^5-y^, e&s^j. mmm. mmm 

[0 0 3 8] 

^, 2(s:^W©ISHl4£ne,tJ;0He.K^Sn-&t)©T 

(1) ^?L^, ¥i^?LS> : y'Ja^iA- 
±©«^^H'J0?XoT, gsSfSfcstiStfP (i7 
T^^^D-AttSl^-- h V--7*l ) Jffl^Tltb 

SLT^fefCo S±?L^14V/ r IT 1 0-3j^Tl'/io 

(2) itmnm r iN&mmzjei$,vfzi'V=i>0x. 
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7^-7<-tf^ffl^TiMHz iz&vzitmnm (10 * 

[0 0 3 9] (3) tS«M&S §l^®93£ 
ft) :K©««tt*J:tf3loBD5Mtt43'U3>'>x/N 
— ±©^f;i 1 0 nm©l»JJTS i C>2 ftXAy^U S 

i02 KO±fcX7|?*->«JIBT«*»*bT5t?©«» 

TSWSLfc. H£fl£tt2 S'CTab-So 
(4) JSSft©^* : •>U3>')iA-±0Mfti' 

TGA-5 0Sffit>TSS*6 2 OtV^TM 2 5*C* 

t*m&u 4 2 5"t;t 1 2 0 »ra««rufc»»©a«is 

[0 0 4 0] 

0) 5. 2g£\ x*/-;no. Og. 7 r neu>y 
U □-;Mf;i'X-TJi'7tf- h 2. 0g©ig-&*gj« 

1. 5g$M, ifiT2BtrWtt. :©*«2g 
ft, at<b^-fJHWRefls*»HttlcJ:0^»3— ^-f> 

#15 0 O@teOjgflET0tel/T»*bfc. *t'*^ h 
•7U-h±.-e±5L'*>l 2 OICTl jMnMtfft. ^*»HM 
T©^iTi^lCT2 0 Ottl ISSffl, ^HT4 2 51CT? 
lfirlB. DnfRjaaU, 0 1 «tmO*?ltti/U* 
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